During a 14-year period, carcinoma of the anal sac apocrine glands was found in 52 pastel and 8 sapphire mink ( M u s t~l u vison) kept for studies on slow viral diseases. The pastel mink vaned in age from 72 to 135 months (mean age 108 months), the sapphire mink from 63 to 100 months (mean age 81 months). All but one pastel mink were females. The primary tumor varied in size from masses that caused bulges in the perineum to those that were found only after microscopic examination of the anal sac glands. Although the primary tumor grew mainly by expansion with little local infiltration, 41 of the 60 tumors had metastasized to the regional lymph nodes and sometimes also to more distant sites. The striking propensity of the carcinoma to metastasize while still small, even microscopic, often resulted in massive secondary growths, notably in the iliac lymph nodes. Hypercalcemia did not accompany the carcinoma. Its varied microscopic appearance included solid, glandular, squamous cell, and spindle or round cell components. Combinations of them formed mixed or complex histologic patterns, no doubt largely attributable to neoplastic proliferation of myoepithelial cells and squamous metaplasia of the apocrine gland epithelium. Although its cause remains obscure, the carcinoma appeared to arise from small foci of hyperplastic apocrine glands, sometimes in relation to both anal sacs. The tumor is a common and distinctive expression of neoplasia in older ranch mink.
Neoplastic diseases are seldom reported in ranch mink (Mustela iso on).*^ This is largely a reflection of the way they are managed in commercial herds: only young mink are customarily kept for breeding, and few ever become more than 3% years old before they are killed for their pelt^.^^.^^ At that age, they simply have not lived long enough for most neoplasms to appear. When they are allowed to live their full life span of 7 to 1 1 years, however, many become affected with neoplastic diseases. Indeed, in my experience with a selected population of ranch mink, neoplastic diseases have been an important cause of debility and death among those over five years old. By far the most prevalent neoplasms have been those that arise in lymphoreticular tissue. Of the other neoplasms that have occurred in these older mink, carcinoma of the anal sac glands has been the most common. Its distinguishing features are described here.
Materials and Methods
The carcinoma was found in royal pastel and sapphire mink kept for studies on slow viral diseases. Obtained locally from a closed herd when 6 to 24 months old, they were housed individually in galvanized wire mesh cages hung in fly-proof, open-sided sheds. Each cage had a wooden (redwood or spruce) nest box that contained pine wood shavings as nesting material. During winter months, this was supplemented with marsh grass hay. The mink were fed a standard wet ration composed of marine fish scrap, chicken offal, beef by-products, and a commercial cereal. At various times, the ration also included tetracyclines. Untreated well water was provided in galvanized metal cups. The mink had not been vaccinated for canine distemper, viral enteritis, or botulism. Some females had borne a litter of kits when they were yearlings, but most had never been pregnant. Likewise, most males had never been used as breeders. All mink were observed clinically at regular intervals and then examined in detail at necropsy.
To obtain information on the normal and general pathologic anatomy of the anal sacs and their glands for use in evaluating neoplastic changes in them, specimens from many mink were examined, including 200 that were studied microscopically. The findings are summarized here to acquaint the reader with the site of the carcinoma. They supplement the little information reported on the mink. 25 .43 (Two papers in Russian were not available. See reference 3.) Most detailed accounts, mainly concerned with the role of the anal sac glands in social behavior, have dealt only with closely related Serum calcium was determined by atomic absorption spectrophotometry (Varian Model 875, Varian Associates, Sun-mustelids, 13.16.44.45 nyvale, Calif.),49 and serum phosphorus by a micro m e t h~d .~ Tissues for light microscopic examination were prepared by standard methods.
Results

Anal sacs and associated glands
The anal sacs of mink are paired, thin-walled, ovoid pouches located along each side of the anal canal between the external and internal sphincter muscles of the anus. They are usually 15 to 20 mm long and 7 to 10 mm in diameter. Oriented with their long axes parallel to the midline and their caudal poles slightly below the horizontal plane, the sacs and the muscles covering them are embedded in thick deposits of fat that fill the ischiorectal fossae. From near the caudal pole of each sac a short duct leads to an orifice in the cutaneous zone of the anal mucosa. A thin layer of keratinized, stratified squamous epithelium lines the sacs and ducts. The sacs contain a turbid, pale yellow, somewhat oily, fluid that has a characteristic musky odor largely attributable to two highly volatile constituent organosulfur compounds, 2-2-dimethylthiacyclobutane and 3,3-dimethyl-1,2-dithia~yclopentane.~~~',~~ Molded over the caudal pole and most of the medial convexity of each sac is a thin sheet of pale brown tissue constituting the glands of the anal sacs. This tissue, comprising sebaceous and apocnne glands, becomes attenuated laterally, so it seldom encircles the sac. The sebaceous glands form a single small aggregate that surrounds the duct and lies against the medial wall of the sac. Fibers of connective tissue and striated muscle separate the aggregate from the apocnne glands, which make up most of the glandular tissue. The apocnne glands are vaguely arranged in lobules of closely packed tubules composed of simple cuboidal or columnar epithelial cells that rest on a thin basement membrane. Although not always apparent, myoepithelial cells occur between the basement membrane and the deeply acidophilic secretory epithelial c e k 2 These sebaceous and apocrine glands of the anal sacs are distinct from clusters of merocrine glands that occur around the anus-the glands of the anus.31 Circumanal (hepatoid) glands like those in the dog" are not present around the anal sacs or elsewhere in the perineum.
As mink become older, several microscopic changes are found in the anal sacs and associated glands; atrophy of the apocrine glands is the most common. Although usually limited to scattered lobules, it may be generalized and account for the reduced bulk of the glandular tissue in some old mink. Often accompanying the atrophy are small stromal accumulations of lymphocytes, occasionally sprinkled with eosinophils. Clusters of macrophages that contain ceroid, a common pigment in old mink, occur as well. By contrast, hyperplasia of the secretory epithelial cells, dealt with later, is found less often. A few myoepithelial cells of the apocrine glands, normal or atrophic, may be laden with ceroid. Rarely, in tubules devoid of secretory epithelium, they proliferate concentrically, fill the tubule, and extend beyond it as spindle cells. Unlike the apocrine glands, the sebaceous glands undergo little change. The anal sacs may vary in size, but they remain mostly intact. Focal dysplastic thickening with hyperkeratosis of the epithelial lining in three old female mink was the only notable change found in them. In some older mink, the sacs contain little oily secretion, which may become inspissated.
These structures also may be affected in other ways. Thus, the apocrine glands and walls of the sacs are common sites for infiltrates of malignant lymphoma cells. When such infiltrates are massive, the bulging perineum might be mistaken for carcinoma of the anal sac glands. Both neoplasms, however, may occur together in some mink. Amyloid is usually deposited in the stroma of the apocnne glands as a manifestation of systemic amyloidosis, a common disease in old pastel mink. Extensive deposits replace much of the glandular epithelium. The tissue of the anal sac glands then becomes green-a curious and unexplained color change also seen in several other amyloid-bearing organs of mink. Acute inflammation is uncommon; it is usually limited to scattered foci of neutrophils in the apocrine glands. Only rarely, and then always in sapphire mink, is the entire penanal region inflamed and the anal sacs destroyed.
Occurrence of the carcinoma
The carcinoma occurred in 52 pastel mink, 1 male and 51 females, and in 8 sapphire mink, all females ( fig. I ). The pastel mink varied in age from 72 to 135 months (mean age 108 months), the sapphire mink from 63 to 100 months (mean age 81 months). Most had survived use in experimental studies, mainly on Aleutian disease and the spongiform encephalopathies, and had been set aside for further observation.
During the 14-year period (1970-1983) when the carcinoma was found, 870 mink 5 to 11 years old were examined at necropsy. This group of older mink comprised 84 male and 500 female pastels and 68 male and 218 female sapphires ( fig. 1 ). Few sapphire mink older than seven years were included, for they seldom live much beyond that age. Because pastel mink live longer, many more of them were available at an older age. Although at any one time, about equal numbers of male and female sapphire mink were represented in the younger population, only a few males were kept after they became four years old. Among pastel mink, however, few males were ever included in the laboratory population. When assessed against this demographic information, the prevalence of the carcinoma in older mink becomes apparent. Thus, among nine-and tenyear-old pastel females, about a fourth of them (25/ 102) had the neoplasm (fig. I).
Some affected mink were recognized clinically, but most went unnoticed until examined at necropsy. Obvious bulging of the perineum by the larger tumors was seen in some mink for up to six weeks before necropsy ( fig. 2 ). A gaping wound or fistula in the perianal region was apparent in others. Sometimes the larger tumors displaced the anus dorsolaterally and caused it to gape ( fig. 3 ) . A perineal mass resembling a large hematoma appeared in one mink, and two others had a large fluidfilled subcutaneous sac that extended ventrally from the perineum. Each sac had been present for about ten days before necropsy. None of these large perineal protrusions was recognized clinically as carcinoma of the anal sac glands.
Often the effects of metastatic tumor were more obvious. A large, firm, sublumbar mass distended the prepubic abdomen in ten mink-in one for two months before necropsy. The concomitant occurrence of lymphocytic lymphoma sometimes caused confusion when the abdominal lymph nodes were greatly enlarged. In one mink, an 8 x 6 x 6-cm carcinomatous mass formed subcutaneously in the inguinal region during a fourmonth period. Thought to be a mammary tumor, it was excised, but it recurred within 10 weeks to form a mass nearly as large as the original.
Other, more general, clinical signs seemed to have resulted mainly from the effects of concomitant diseases, some systemic. Nineteen mink were affected with lymphocytic lymphoma, 15 overtly and 4 incipiently.
One mink with lymphoma also had a carotid body tumor and an adenoma of the adrenal cortex. Another mink had a hepatocellular carcinoma, as did three without lymphoma. Each of two mink had a bile duct adenoma. In one, it occurred with an adenoma of the adrenal cortex. Of four other mink, one each had a leiomyoma of the jejunum, a fibrosarcoma of the face, to opposite anal sac. Azure-eosinate.
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a carcinoma of the exocrine pancreas, and an islet cell carcinoma. Two mink had lymphoreticular proliferative disease. 22 In addition, several had tuberculosis (avian), intervertebral disk degeneration, or systemic amyloidosis often associated with chronic renal disease. At necropsy, many mink were in a generally poor state of nourishment. Nineteen died. The others were killed, usually when sick and their recovery seemed unlikely. Serum calcium levels in 15 tumor-bearing mink ranged from 2.8 to 10.0 mg/dl (mean 7.7 mg/dl) and serum phosphorus levels from 3.2 to 27.8 mg/dl (mean 1 1 .O mg/dl). In 14 female mink of comparable ages that did not have the tumor, the calcium levels ranged from 8.6 to 12.0 mg/dl (mean 9.8 mg/dl) and phospho-rus levels from 4.8 to 19.0 mg/dl (mean 9.6 mg/dl). In view of these findings, none of the calcium levels in the tumor-bearing mink was considered elevated. Some mink in each group had chronic renal disease, which no doubt accounted for the elevated phosphorus levels in both. Because the renal disease was not evaluated in detail, no further effort was made to interpret the varied biochemical findings.
Primary tumor
Compared with the sometimes enormous metastatic tumors in the regional lymph nodes, the primary tumors were often small and not apparent when the perineum was otherwise intact. They were obscured by the normal fullness of the mink's perineum that results from thick subcutaneous deposits of fat-deposits still present in many thin mink. Three primary tumors that had metastasized were overlooked in part because they were small. Gray-white or gray-red, firm, and sometimes smoothly lobulated, the tumors usually appeared distinctly separated from neighboring tissues in the ischiorectal fossae. Some surrounded an anal sac; others obliterated one or both sacs ( fig. 4) . The more obvious ones were 3 to 5 cm in greatest dimension. Several large tumors that caused prominent bulges in the perineum were mostly hemorrhagic and necrotic. In eight, not necessarily the larger ones, fistulas extended from the necrotic central parts to the cutaneous surface of the perineum.
The presenting form of several tumors was different. One red-purple 5-cm mass protruded from the perineum like a hematoma. Two were blood-filled subcutaneous sacs extending from the perianal region to a popliteal space. One, 7 x 6.5 X 6.5 cm, arose from a 2.5 x 1.5-cm cauliflower-like mass at the site of the right anal sac. The other, 9 X 7 X 6 cm, extended down the left hind leg. In both, the inner surface of the sac was pebbly. Twenty carcinomas, 5 mm or less in greatest dimension, were found only after the anal sacs were examined microscopically ( fig. 5 ). The presence of eight was suspected at necropsy because of enlarged external iliac lymph nodes. The other 12 were found incidentally during routine examination of the anal sacs.
As seen microscopically, the carcinomas were partly surrounded by a thin fibrous capsule, and thin fibrous septa divided the larger tumors into lobules. Although the neoplastic tissue often engulfed and compressed the associated anal sac, its wall was never breached; nor was the rectum invaded. The striking characteristic of the carcinoma was its varied cellular composition. Included were solid, glandular, squamous (epidermoid) cell, and spindle or round cell components. Any one might predominate in a single tumor, but combinations of them often formed a mixed or complex histologic pattern.
Solid and glandular components were common to slightly more than half the carcinomas. Sixteen, including most small ones, were wholly solid, and nine partly so. In these tumors, polygonal epithelial cells were densely arranged in broad sheets, wide columns, small lobules, and even smaller packets that resembled enlarged cell-filled tubules (fig. 6 ). The cells had round or oval nuclei, many with a prominent nucleolus, and moderate amounts of eosinophilic or basophilic cytoplasm. The variable-sized cellular aggregates were sep-arated by thin fibrovascular septa-the only stroma present. Eight partly solid tumors had areas of glandular differentiation; the two components often merged with one another. Twenty others were wholly glandular. In these tumors, deeply basophilic cuboidal or columnar epithelial cells with basal nuclei were arranged in small tubules or acini and larger branching glands, which sometimes were uniformly papillary (figs. 7, 8). Large irregular-shaped spaces containing finely granular eosinophilic material, no doubt proteinaceous secretion, and cellular debris formed a distinctive pattern in many predominately glandular tumors ( fig. 9 ). Some large tumors were composed entirely of such fluid-filled spaces. The columns of lightly basophilic polygonal cells that formed the spaces were borne on fibrovascular stalks sometimes infiltrated with a few lymphocytes. In the neoplastic cells of both solid and glandular parts, mitotic figures varied from few to many.
On a small scale, the microscopic carcinomas typified tumors with solid and glandular components. Sometimes multiple in relation to one or both anal sacs, they varied in size from those occupying an area of several tubules to those replacing several lobules of apocrine glands. All were composed of deeply basophilic epithelial cells-usually undergoing mitosis. In the smallest solid tumors, the neoplastic cells filled clusters of tubules, leaving their basement membranes intact. Where the resulting cellular packets had expanded and lost their individual outlines, they coalesced into sheets of cells that formed the larger neoplastic foci. Other microscopic tumors were wholly or partly glandular. The normal tubular structure of the apocrine glands was vaguely apparent in them, but the neoplastic cells had proliferated irregularly into the lumens of the dilated tubules, sometimes forming a papillary pattern ( fig. 10 ). In a few tumors, the myoepithelial cells were enlarged, darkly stained, and spindle shaped. Two microscopic tumors had early changes toward squamous epithelium.
In degree of cytologic maturity and spatial extent, differentiation to squamous epithelium in the larger tumors varied widely. Five carcinomas were composed wholly, or nearly so, of broad branching bands of mature squamous epithelial cells ( fig. 11 ). Nineteen others of mixed pattern were partly composed of squamous epithelium. In some, the cells were disposed in closely packed bands or scattered small patches adjacent to glandular epithelium, often with no clear distinction between the two kinds of cells. In others, the squamous epithelial cells arose as epidermoid islands amid spindle and round cells in the more anaplastic parts of the tumors. The smooth transition from these poorly dif- ferentiated cells of uncertain lineage left no doubt about the origin of the squamous epithelial cells in such areas. The more mature squamous epithelium was often keratinized and sometimes formed keratin pearls. With the routine stains used, intercellular bridges were seldom identifiable.
In 12 carcinomas, solid, glandular, and squamous cell components were accompanied by neoplastic tissue that varied from poorly differentiated to frankly anaplastic. Composed of spindle or fusiform and round cells often undergoing mitosis, such tissue formed the bulk of seven tumors. Most spindle cells had a vesicular nucleus bearing a small nucleolus. Where spindle cells predominated, they usually lacked cohesion and were irregularly disposed in broad sheets ( fig. 12 ). In two tumors with glandular and solid epithelial components, the spindle cells were densely aligned in interlacing bundles that had a fibrosarcomatous appearance. Its cells enmeshed in a reticulin network, such neoplastic tissue was seldom clearly separable from the epithelial component.
More often, the spindle cells were mixed with round cells of variable size. The larger ones had a round nucleus moderately rich in chromatin and a moderate amount of granular eosinophilic cytoplasm. Those in the more anaplastic parts of the tumors were small and uniformly basophilic ( fig. 13 ). Occasionally, a few large dark-staining multinucleated cells were dispersed among them. Generally most abundant at the periphery of the tumors, the spindle and round cells sometimes infiltrated neighboring skeletal muscle-the only notable evidence of local invasion seen in the carcinoma. As already mentioned, islands of epidermoid cells often arose in areas of spindle and round cells. Emanating less often amid such cells were small tubules and acini. In two tumors with large undifferentiated parts, palestaining mesenchymal or myxoid tissue composed mostly of stellate cells was undergoing chondroid differentiation ( fig. 14) ; islands of hyaline cartilage had formed in one.
Nonneoplastic tissue responses seldom accompanied the tumors. Included were limited fibrosis in three, acute inflammation sometimes with necrosis in a few large ones, and lymphocytic infiltration in and around some small ones.
Secondary tumor
Although the primary tumor grew mainly by expansion with little local infiltration, 41 of the 60 had metastasized, notably to regional lymph nodes (see reference 24 for the identification of lymph nodes in the mink). Thus, 39 had spread to the iliacs, 23 to the colics, and 28 to the superficial inguinals (supramammary). Metastasis to the external iliac lymph nodes often formed a 4to 6-cm gray-yellow, partly necrotic, knobby mass that infiltrated the psoas major muscles and distended the prepubic abdomen ( fig. 15 ). More widespread metastasis to lymph nodes had occurred in about half the mink; secondary tumor was then found at times in the renal (12) , portal (hepatic) (7) , mesenteric ( 5 ) , tracheobronchial ( 5 ) , popliteal (3) , and prefemoral (1) lymph nodes. Secondary tumor was sometimes present also in the lungs (12) (fig. 16 ), ovary (5), adrenal gland (5), kidney (3), liver (3), thyroid gland (2), pancreas (l), heart (I), brain (I), and base of the pituitary gland (1) . In a few mink, serosal implants were found on the abdominal organs and diaphragm. Of the 19 carcinomas unaccompanied by demonstrable secondary tumor, 1 1 were of microscopic size. Even so, they were not necessarily as small as some that had metastasized. The others that had not metastisized were four large solid tumors, the ones that resembled a hematoma and a subcutaneous sac, and two for which only some regional lymph nodes were available for microscopic examination. None of these carcinomas had a histologic pattern that clearly set it apart from those that had metastasized.
Microscopically, the metastatic tumor usually was much like the primary, but certain exceptions occurred. For example, secondary tumor in some sites, especially the regional lymph nodes, often was composed of large, irregular shaped, fluid-filled glandular spaces, even though the primary tumor had a mostly solid or squamous cell pattern. On several occasions when the pnmary tumor had been overlooked at necropsy, this distinctive feature of the metastatic tumor provided a clue about its origin. Then too, in five mink, squamous epithelium occurred in the metastatic tumor when it was not apparent in the primary tumor. In four mink, solid or papillary carcinomas were accompanied by undifferentiated carcinoma in the regional lymph nodes. On the other hand, several anaplastic carcinomas gave rise to mostly glandular metastatic tumors. Cartilage appeared in a metastatic tumor from a pnmary composed mostly of solid epithelial cords.
Hyperplasia of apocrine glands
In addition to the 60 mink with carcinoma, 12 of 89 pastel females and 2 of 20 sapphire females over 60 months old had hyperplastic changes in the apocrine glands of the anal sacs. The affected pastels were 74 to 124 months old (mean age 103 months), the sapphires, 77 and 96 months old. Such changes also were found in 2 of 2 1 pastel males of comparable age. One was 90 months old, the other 103. But none of 6 sapphire males, whose mean age was 72 months, was similarly affected.
The hyperplasia usually occurred in a single small focus, either a cluster of tubules or most of a lobule, but in four mink it affected several areas in the glandular tissue of one anal sac. In six mink, foci were seen in relation to both sacs. The secretory epithelial cells were enlarged and deeply basophilic in sharp contrast to the acidophilic cells of normal glands. A few myoepithelial cells were enlarged and had dark nuclei, but most were unchanged. The degree of hyperplasia varied widely. In some tubules, the hyperplastic cells were arranged in several layers; in others, they were piled irregularly and nearly filled the lumens ( fig. 17 ). Still other tubules were changed into solid cellular areas bounded by intact basement membranes. In one mink, the hyperplasia assumed the form of papillary projections in a large fluid-filled space. Seldom much larger than normal, nuclei of hyperplastic cells were vesicular and often had a single small nucleolus. A few cells nearly always were undergoing mitosis. In several mink, lymphocytes densely infiltrated the stroma around the hyperplastic glands, as they did around some small carcinomas. Like the carcinomas, the hyperplastic foci occurred in glandular tissue that otherwise was either essentially normal or mostly atrophic. They were distinguished from microscopic carcinomas by being generally smaller and by having a more orderly tubular pattern. Even so, their separation was sometimes arbitrary, and several foci that were considered hyperplastic might have been early carcinomas ( fig. 18 ).
Discussion
Despite their varied behavior and histologic pattern, all the tumors were considered carcinomas, representing a single neoplastic entity that originated from the apocrine glands of the anal sacs. Neither the sebaceous glands of the anal sacs nor the merocrine glands of the anus were obvious sources of any tumor, nor were the skin and adnexa overlying the carcinoma, even though sometimes replaced by it. The same was true for the epithelial lining of the anal sacs. Microscopic appearances of the small carcinomas left no doubt about their origin from the apocrine glands. Some, including several that had metastasized, appeared to have arisen from clusters of hyperplastic tubules, though probably not all such clusters are preneoplastic. Perhaps those in which carcinoma emerged were neoplastic rather than hyperplastic from the beginning"; the distinction was never clear.
Although the small carcinomas usually had a solid or glandular pattern, their progression no doubt often resulted in the squamous metaplasia that characterized many larger tumors. This capacity of the apocrine gland secretory epithelium to undergo squamous cell differentiation, like that occumng in neoplasms of the mammary gland in several species,12"4'35 is a distinctive feature of this carcinoma in mink. So too is neoplastic proliferation of myoepithelial cells. At least by light microscopic appearances, the sheets of spindle cells, the myxoid areas, and chondroid islands were interpreted as having arisen from such proliferation of the myoepi t h e l i~m .~~ The resulting composition of the tumor resembled that of the mammary mixed tumors in the certain breast tumors in women," and some sweat gland tumors in the dog." Presumably, such proliferation also accounted for the fibrosarcomatous parts of two tumors that otherwise had a glandular or squamous cell pattern. At first glance, this bimorphism suggested the designation of carcinosarcoma for these tumors,23 but the malignant epithelial cells and the areas resembling fibrosarcoma were never clearly separated; the transition from one to the other was usually imperceptible.
Although most carcinomas looked like solitary growths, some no doubt arose from more than one neoplastic focus. For example, the occurrence in several mink of more than one such independent focus in the glandular tissue of an anal sac suggests that several neighboring foci coalesced to form some tumors seen macroscopically. Similarly, the occurrence in a few mink of microscopic carcinomatous foci, as well as hyperplastic foci, in relation to each anal sac suggests that some large tumors arose from glandular tissue of both. Such multicentric origin may have contributed to the complex histologic pattern of some carcinomas.
Apart from the origin of the carcinoma in hyperplastic/neoplastic foci in the apocrine glands, little was learned about its natural history. Yet its propensity to metastasize while still small, even microscopic, was striking. This event often resulted in enormous secondary tumors whose identity might not be recognized in the absence of an obvious primary. This great contrast in mass between the primary and secondary tumors attested to the dramatic difference in their growth rates. Thus, secondary tumors might even become detectable clinically, in the regional lymph nodes, before the primary growth was clearly distinguishable from a hyperplastic focus. In view of such behavior, the anal sac glands of mink, and probably those of closely related mustelids as well, should be thoroughly examined when the primary tumor is sought for carcinomatous masses occurring in the prepubic abdomen or in the inguinal region or even in more distant sites, such as the lungs.
The earlier appearance and lower prevalence of the carcinoma in sapphire than in pastel mink are not readily explained. Nevertheless, both may be partly a reflection of an important genetic difference between these two color phases: sapphire mink are homozygous for the autosomal recessive Aleutian (gunmetal) gene, pastel mink are not.42 Pleiotropic in its effects, this gene causes not only dilution of coat color, but also profound constitutional changes, some affecting l~n g e v i t y .~~.~~ Thus, largely because of their greater susceptibility to pyogenic bacterial infections37 and to severe periodontal disease,28 sapphire mink seldom live as long as pastel mink, which commonly reach the age of nine or ten years. This increased susceptibility is mainly an expression of several functional defects in the cellular defense mechanisms like those in children affected with the Chediak-Higashi ~yndrome.~' Still uncertain, however, is the extent to which such constitutional differences in the two color phases had a bearing on variations in the occurrence of the carcinoma in them.
As far as I know, this carcinoma has not been reported before in ranch mink.30 Indeed, except for it, epithelial neoplasms of the skin and adnexa (including the mammary gland) are rare in this species. The only other ones I found were a basal cell tumor on the neck and two undifferentiated carcinomas, one on the shoulder and the other at the base of a pinna. All were in pastel females seven to nine years old. The only one reported was a squamous cell carcinoma at the base of the tail in an adult female.21 Several epithelial neoplasms of the skin and adnexa have been reported in closely related mustelids: the European polecat (M. putori~is)'~. 39; its domestic form, the laboratory ferret (M. pzrtorius furo)", 1 5 3 4 6 . 4 7 . , and the black-footed ferret of North America (M. nigripe.~).'-~ One of these neoplasms, an adenocarcinoma of apocrine glands in a captive five-year-old male black-footed ferret, may have arisen from the anal sac glands.' Appearing as a circumanal swelling, the tumor had metastasized to an iliac lymph node. In addition to cords and lobules of carcinomatous cells, the tumor comprised spindle cells, an area of cartilaginous meta-plasia, and much fibrous tissue. Similarly, another adenocarcinoma in an old female of this species may have arisen from an occult primary tumor in the anal sac gland^.^ Although reported as a papillary cystadenocarcinoma of a mammary gland, the large mass in the inguinal subcutis could have been metastatic tumor in a superficial inguinal (supramammary) lymph node, much like the presenting form of one carcinoma reported here.
The dog is the only other carnivore in which a comparable neoplasm has been d e~c r i b e d .~' .~~-~~,~' Unlike the carcinoma in the mink, however, that in the dog does not have a varied or mixed histologic pattern; it is an adenocarcinoma with glandular and solid cellular areas derived from the apocrine glands of the anal sacs. Moreover, it is often accompanied by hypercalcemia that results in the syndrome of pseudohyperparathyroidism, which was not present in the mink. Perhaps the tendency for the carcinoma in the mink to be less well differentiated than the one in the dog has a bearing on its ability to secrete the substance that resorbs calcium from bone, which is the way the hypercalcemia is thought to come about. 34 Like that in the dog, however, the neoplasm in the mink has a predilection for old females-an epidemiologic feature as yet unexplained in both species.
In view of the general rarity of cutaneous neoplasia in ranch mink, the frequent occurrence of this neoplasm in the anal sac glands is surprising. I have no explanation for it. Reported observations on the histology and histochemistry of the anal sac g l a n d~l -~.~~ and on their secretion^^,^''^^ offer no obvious clues. Moreover, nothing is known about age-dependent and sexdependent functional changes in the apocrine glands that might precede neoplasia in them. Nor is anything known about the long-term effects of environmental factors, including diet and conditions of husbandry, on the induction and development of the carcinoma.
Even so, the carcinoma is a common and distinctive expression of neoplasia in older female ranch mink. Yet because such older mink are almost never found in commercial herds, it, like most neoplasms of mink, is not of practical concern to the breeder. The cause, histogenesis, and biologic behavior of the carcinoma, however, may be of interest to persons who have an abiding concern for the comparative aspects of mammalian cancer. and Robert Evans and Charles Taylor, photographers, for their help with this study. I especially thank Dr. Charles Capen, The Ohio State University, for determining the serum levels of calcium and phosphorus. Drs. Terry Jackson and Richard Race provided clinical information and examined some mink at necropsy.
